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Abstract 
One of the ways to improve the reliability and service life of the cylinder-piston group of an internal combustion engine is to use 
heat insulation and improve the rejection of heat from combustion chamber parts. The most efficient existing method consists in 
application of thermal insulation coatings on the work surfaces of the piston, in particular, the formation of an oxidized layer on 
the piston crown. In order find out how efficient the suggested method is, we have carried out theoretical calculations and 
comparative laboratory studies of standard  and oxidized pistons. It has been found out that the formation of an oxidized layer on 
the work surfaces of the piston crown allows lower the inner surface temperature of the piston by 23.6% on average as compared 
to typical pistons. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
Keywords:heat density; piston; heat flux; oxidized working surface of the piston crown. 
1. Introduction 
One of the main tasks of modern engine building is further increase of technical and economic indicators of 
piston internal combustion engines. However, this leads to increase of mechanical and heat loads on the cylinder-
piston group. Increase of temperature of engine parts heating leads to early wear of friction surfaces, piston ring 
sticking and breakage, piston seizure, burnouts of the piston head and the fire side of the combustion chamber 
located in the cylinder head, etc. [1].  
Nowadays, different engineering and technological solutions are used in order to decrease piston heat density. 
Methods of heating coatings application are most widely used. However, these methods are not commonly used 
 
 
* Corresponding author. Tel.: +7-908-470-1780 
E-mail address:a.s.khusainov@gmail.com 
 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
1364   A.Sh. Khusainov and A.A. Glushchenko /  Procedia Engineering  150 ( 2016 )  1363 – 1367 
either because of low reliability and fragility of such coatings. One of the promising methods of heat insulation is 
formation of the oxidized layer on working surfaces of the piston crown by means of micro-arc oxidation [2].  
Nowadays, data on oxidized coatings efficiency are almost absent and require researches. 
2. Theoretical researches 
Thermal stresses in the walls of heated parts, which are proportional to difference of temperatures on heating 
surface and on the side of heat removal surface, determine heat density of the engine. For this reason, thermal stress 
of each part is determined with temperature difference or temperature gradient. Temperatures in the part influence its 
material limit of strength, and temperature gradients among part external walls influence part strength margin and, 
thus, its reliability and operational life. Temperature levels on parts surfaces and temperature gradients inside them 
depend on their structural and geometrical parameters, on part material, as different materials have different thermal 
conductivity coefficients, and on a surface cooling method. With reference to the above mentioned, piston 
temperature will be determined with the temperature of its surface on the side of the combustion chamber and on the 
side of the engine crankcase. In case of almost constant piston surface temperature on the side of the engine 
crankcase and its linear dimensions in the axial section, evaluation of piston surface temperature may be reduced to 
determination of the value of the heat flux q, passing through the piston [1]: 
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where Ɍspg is piston surface temperature on the side of gases, K; Ɍspg is piston surface temperature on the side of the 
crankcase, K; įp is thickness of the piston wall, m; Ȝp is the thermal conductivity coefficient of the piston material, 
W/m·K. 
Then, the heat flux 'hq  passing through the head of a typical piston will be determined according to the formula 
[1]: 
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Where įo is thickness of the oil on the side of the crankcase, m; Ȝo is the thermal conductivity coefficient of the oil, 
W/m·K. 
And the heat flux passing through piston ring grooves of a typical piston will be described by the following 
equations:  
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where 1qc  is heat flux passing through the groove of the first (top) piston ring, W/m
2; Tspg1 is temperature of the 
piston surface in the area of the groove for the first piston ring on the side of gases, K; Tspc1 is temperature of the 
piston surface in the area of the groove for the first piston ring on the side of the crankcase, K; 2qc  is heat flux 
passing through the groove of the second piston ring, W/m2; Tspg2 is temperature of the piston surface in the area of 
the groove for the second piston ring on the side of gases, K; Tspc2 is temperature of the piston surface in the area of 
the groove for the second piston ring on the side of the crankcase, K; 3qc  is heat flux passing through the groove for 
the oil piston ring, W/m2; Tspg3 is temperature of the piston surface in the area of the groove for the oil piston ring on 
the side of gases, K; Tspc3 is temperature of the piston surface in the area of the groove for the oil piston ring on the 
side of the crankcase, K; įo3 is thickness of the engine oil layer in the groove for the oil piston ring, m. 
In order to determine the heat flux passing through the piston body with the oxidized crown, considering that 
there is engine oil in the area of the groove under the oil piston ring, the process of heat transfer should be 
considered as transfer of heat through the four-layer wall (an oxidized layer – the main piston material – a layer of 
cooling engine oil – a layer of oil under the piston ring). 
Then, the heat flux hqcc  passing through the head of the oxidized piston will be determined according to the 
formula: 
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where ȜOL is thermal conductivity of the oxidized layer, W/mÂK; įOL is thickness of the oxidized layer, m. 
And the heat flux passing through oxidized piston ring grooves will be determined according to the formula: 
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where 1qcc , 2qcc , 3qcc  are heat flux passing through the groove of the first, second and oil piston rings respectively, 
W/m2. 
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3. Results 
Conducted comparative calculations of the heat flux allowed determination of the following. Formation of the 
oxidized layer on the working surface of the piston crown reduces the heat flux on the piston head from 229 to 216 
kW/m2, in the areas of piston ring grooves: for the first piston ring from 201 to 188 kW/m2, for the second piston 
ring from 173 to 159 kW/m2, for the oil piston ring from 20 to 19 kW/m2 compared with a typical piston. 
In order to demonstrate theoretical suppositions experimentally, sets of pistons (UMZ-421 engine) with oxidized 
working surfaces were made at the following conditions of micro-arc oxidation: concentration of orthophosphoric 
acid in water solution was 180 g/l; current density was 4 A/dm2, voltage applied to the piston crown was 250 V, 
electrolyte temperature was 25 °ɋ, oxidation time was 60 minutes (fig. 1) [4,5]. 
 
 
Figure 1 – General view of a piston with oxidized working surfaces 
In order to determine decrease of piston temperature, comparative laboratory studies of a typical piston and a 
piston with oxidized crown working surfaces were performed. An LɊɈ-400 device, embedded thermocouples and 
digital multimeters Ɇ890G were used for heating. Thermocouples were mounted in holes with diameter 3 mm and 
depth 1 mm in points Ⱥ, ȼ, C, D (fig. 2). 
 
Figure 2 – Scheme of an experimental unit LɊɈ-400 for determination of temperatures in the piston: 
1 – cylinder; 2 – heat insulating ring; 3 – piston; 4 – sand; 5 – heated sand bath 
The cylinder with a hole for mounting a thermometer in point E (measurement range from 273 to 573 K) was 
installed in the sand bath. The piston being studied was installed in the cylinder by means of the heat insulating ring. 
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Temperature in point E was measured by means of the thermometer. Temperatures of the river sand and the 
internal surface of the piston head were measured in every 60 seconds. Heating was performed to the temperature 
230 °ɋ, which corresponds to the average temperature in the central part of the piston head in one complete cycle of 
the UMZ-421 engine. 
As a result of comparative laboratory studies, it was stated that the temperature of the oxidized piston was: in 
points Ⱥ – 100 °ɋ, ȼ – 88 °ɋ, ɋ and D 80 °ɋ and 75 °ɋ respectively, whereas the temperature of a typical piston in 
the above mentioned points was 133 °ɋ, 115 °ɋ, 104 °ɋ, 99 °ɋ respectively (fig. 3). 
 
Fig. 3. Temperature distribution on the internal surface of oxidized (a) and typical (b) pistons
4. Conclusion 
Formation of the oxidized layer on the working surface of the piston crown allows decrease of internal surface 
temperature by 23.6 % on the average compared with the typical piston, and thus decrease of piston heat density. 
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